Abstract. Based on the concept of 'Everyone is a sensor', the spatial and located information derived from mobile devices can objectively reflect the population spatial activity characteristics, which could represent the geographic distribution of population activity space. Based on more than 860,000 samples collected from Sina Weibo, by implementing kernel density analysis and local spatial autocorrelation Getis-OrdG i statistical index, we explore the resident activity space distribution. The result shows that resident activity conducts a significant difference of space distribution among three districts in Wuhan. For the purpose of investigating the cause of these huge differences, we divided the POI into eight categories, and analyze the space aggregation of density of check-in information of each categories, we found out that: resident activity distribution is independent of the POI quantity, but conversely highly related to the POI spatial distribution and regional economic development. Hence, in order to further investigate the correlation between them, we draw the scatter plot of the 2014 GDP data and Weibo check-in data from the three districts, which consequently, prove that they are positive relative and validated through Pearson coefficients. Our research indicated that Weibo check-in data can ultimately reflect the resident activity distribution; furthermore, this kind of distribution is positively related to regional economic development level.
Introduction
As small mobile equipment such as smart phone and laptop are becoming gradually popular and wireless communication such as 3G network and GPS are developing rapidly, the mobile information network have become the new trend of informatization [1] . When mobile devices and its apps make our lives more convenient, it also can record our behaviors at the same time. As such, one of the popular service of mobile communication -Location Based Services (LBS), which can acquire current location information based on several positioning techniques through mobile terminal, then obtain certain service from wireless network [2] . It obtains the user's location information by locating and querying the indexing technology, and provides this information to the user himself, the communication system itself or other institution or individual requesting the user's location to realize the personalized service [3] .The information generated by the location service represents the geospatial activity characteristics of the device users, which can reflect the location information of the user in real time, thus objectively reflecting the spatial and temporal distribution of the activities of the urban population through the geographical distribution of the users in space [4] .So, Location Based Service has currently become one of the major sources of massive Internet big data.
As the most well-known and the highest utilization of the domestic mainstream site, Sina Weibo provides check-in service, based on the LBS, and become one of the most popular applications [5] .The check-in data, generated by Location Based Services, completely record the information including geographic information (latitude and longitude coordinates), time information, text information and other related content of users [6] .Weibo check-in data has a good reality, abundant information, large amount of data and other advantages. In recent years, check-in data has been favored by domestic scholars and become a hot topic in urban geography [7] [8] [9] .
Our research shows that resident activity conducts a significant difference of space distribution among three districts in Wuhan. For the purpose of investigating the cause of these huge differences, we divided the POI into eight categories, and analyze the space aggregation of density of check-in information of each categories, we found out that: resident activity distribution is independent of the POI quantity, but conversely highly related to the POI spatial distribution and regional economic development. Hence, in order to further investigate the correlation between them, we draw the scatter plot of the 2014 GDP data and Weibo check-in data from the three districts, which consequently, prove that they are positive relative and validated through Pearson coefficients. Our research indicated that Weibo check-in data can ultimately reflect the resident activity distribution; furthermore, this kind of distribution is positively related to regional economic development level.
Research Methods

Research Area
We take Wuhan City, Hubei Province as our research area in this paper. Wuhan is the largest city in the central region of China, and the most prosperous city in the inland area. It is located at the intersection of the Yangtze River and Han River in the eastern part of Hubei Province. It is located between 113°41′-115°05′E and 29°58′-31°22′N. The total area is about 8549 square kilometers, of which the urban area about 2718 square kilometers, and under the jurisdiction of 13 municipal districts. Wuhan is a typical fast-growing large city in the central and western regions. The urban built-up area has increased significantly in the past 20 years, during the compressiontype industrialization and urbanization process, and the population has grown rapidly, also the manland relationship has changed greatly.
Data Collection and Processing
Urban POI is a geographical entity closely related to people's life in urban space, such as schools, banks, restaurants, gas stations, hospitals, supermarkets, etc. The research obtain a location around the dynamic application through the official location based services provided by Sina Web. After obtaining authorization to obtain check-in information of a point (latitude and longitude coordinates) around a certain period of time and within a certain range of POI point. After repeated experiments, this study set the appropriate search range of about 2000 meters of the central coordinates in the Hongshan District, Wuchang District, East and West Lake District, Jianghan District, Castle Peak District and other 13 districts, respectively, to ensure that the collection covers the entire Wuhan City. Finally, this study collected the check-in data in November 2014 in Wuhan, the contents of each data record 6 attributes including POI serial number, place name, longitude, latitude, POI category code, check-in number,etc. Table 1 shows part of the collected check-in data. 
Exploration of Urban Residents' Activities Space
Research on Distribution Characteristics of Check-in Point Based on Point Density Analysis
Since the collected POI often show clustered distribution characteristics under local geospatial, so it assumed that the distribution of the number of check-in times will also exhibit clustered characteristics. The point density method that used to expresses this feature is one of the most commonly used visualization tools. In order to show the distribution of check-in activities in Wuhan City, we use the Point Density Analysis tool in ArcGIS to analysis the field of check-in times in POI, and the results are shown in Fig1. Because the density of different points have a big difference, in order to more comprehensively express Weibo check-in density distribution. In Fig 1, warm colors represent areas where the check-in density is high, and cool colors represent areas with low check-in density. It can be seen from the figure that the spatial distribution of the number of checkin is obvious, and the high-density check-in areas are clustered. 
Research on Urban Residents' Activity Space Based on Local Spatial Autocorrelation Analysis
In order to more intuitively show the spatial distribution of urban residents' activities, in this study, we use spatial autocorrelation to explore hot spots. Since the data source should be aggregated before spatial autocorrelation analysis, so in ArcGIS, the study area, namely Wuhan, is divided into 1km*1km grids, totaling 8471 grids. The attribute table of the check-in point is connected to the corresponding grid by space and we count the total number of check-in times for POI points that fall into the grid. Spatial autocorrelation refers to the spatial association of attribute values of objects, the corresponding indexes can be used to quantitatively measure the global and local two types of geospatial objects. Among them, the global spatial autocorrelation is only used to reflect the global autocorrelation feature with single value, so it is difficult to find the spatial association model in different regions. The local spatial autocorrelation can be used to analyze the specific features of the distribution characteristics of local spatial systems, including spatial aggregation regions, atypical local regions, outliers, and others [11] .Because the research area has been gridding, we use the method of local autocorrelation to detect the check-in hot spot. Common local metrics including Local Moran's I and Getis-OrdG i * , the local G coefficient can detect the aggregation area more accurately, and the local Moran index can generally detect the center of the aggregation area, but the recognition error of aggregation range is larger and the range of actual is larger than that of the identification range. Therefore, this study calculates the Getis-OrdGi * statistical index to reflect the aggregation of data at high or low values on the area, and then find the hot spot. The GetisOrdGi * statistical index is calculated as Eq. 1.
The formula after normalization Eq. 2:
In this formula, X j is the sample, and W ij is the spatial adjacency matrix between the study objects i and j, it reflects the neighborhood relation of the spatial units; E ( G i * (d)) and Var ( G i * (d)) are the mathematical expectation and variance of Gi* (d), respectively. If Z( Gi* (d)) is positive and significant, it indicates that the value around position i is relatively high and is a high value space gathering, that is, a hot spot region. If Z ( G i * (d)) is negative and significant, it is relatively low value, is a low value of space gathering, that is, cold spots.
Using the Getis-OrdGi* tool in the Geoda software, first, we establish the weight matrix, and then take the number of statistical attendance in regional grid unit as the object of study to calculate the Getis-OrdGi* index. In this paper, based on the normal distribution test hypothesis, select the significance test level of 5%, the detection results are divided into several categories according to the significance level. If Z（Gi*), greater than 1.96 indicates high value aggregation, that is, hot spot area; Less than -1.96 means low value aggregation, that is, cold spot area. As can be seen from Figure 2 , there are 391 hot grid units and a total of 5300 cold spot grid units, among which, the spatial distribution of hot spots presents a cluster state with great spatial difference. The spatial distribution of hot spots also reveals the spatial distribution of urban residents' activities. The hot spots of residents' activities are mainly concentrated in the tricyclic line of Wuhan, the other hot spots scattered in Jiangxia and Castle Peak area, outside the tricyclic line.
Analysis on Spatial Difference of Resident Activities
Analysis of Check-in Activity Based on POI Classification
In order to find out the differences in the spatial distribution of resident activities, this study counted the number of POIs under different POI categories and the number of check-in times under the classification. Since the POI types collected are too many, not convenient for analysis, so we integrate and reclassify the POI types, and eventually the POI is divided into eight categories, including business area (including shopping malls, shops, catering and entertainment etc.), education area (schools and training institutions), health care area (hospitals and health care companies), public facilities area (parks, banks, courts, ports etc.), residential area, transportation area (subway station, railway station, airport and other traffic places) and tourism area (tourism attractions, hotels etc.) and other types (missing attribute and null area).In order to explore the relationship between resident's activity space and the number of POI and distribution characteristics more intuitive, we make the scatter diagram of POI number and check-in number. The correlation between the number of POI and the number of check-in is not obvious, which shows that the number of POI is not the cause of the difference of resident's activity space. (Fig 3.) We get the kernel density distribution of the number of check-in times of different POI types. The spatial distribution of the density of each type of POI has its own characteristics, which reflects the concentration of hot spots in various industries (Note: hot spots refer to areas with large checkin times here.).Public facilities hot spots are concentrated in Wuchang, which is due to the Wuchang area concentrated East Lake Scenic Area, Hongshan Stadium, Shahu Park, Yellow Crane Tower Yangtze River Bridge, Yangtze River Bridge, Baishazhou Yangtze River Bridge and other famous parks, stadiums and so on. Among them, the number of check-in times at East Lake Scenic Area is the largest among facilities area, indicating that the East Lake Scenic Area is not only a scenic spots in Wuhan City, but also the most recognized and liked outside park by the public.At the same time, where the government, the stadium, the park near the government of Jiangxia District, is also a hot spot for public facilities area. In contrast, Hankou and Hanyang have less hot spots for public facilities area, reflecting the Hankou and Hanyang area green parks, stadiums and other public facilities constructions should be strengthened, which is consistent with the urban planning of strengthening construction of parks, new construction and expansion many sports venues in Hankou and Hanyang area. From the spatial distribution of hot spots in transportation area, we can see that transportation hot spots distribute clustered within the tricyclic. Wuchang Railway Station, HanKou Railway Station, Hanyang Railway Station and bus stations in hot line are hot spots, the airport ,which is not within the tricyclic,is also one of the check-in hot spots, this is because when people waiting in the travel sites, like to use social media to share their travel information. However, the hottest spots of transportation hot spots are located in Wuchang area, which is inconsistent with the report of Hankou has the worst traffic congestion in the annual report on traffic development in Wuhan in 2015, this is because the collection of transportation POI only involved bus stations, railway stations and other places of travel, can't reflect the travel conditions of motor vehicles. Unlike other POI' hot spots' centralized distribution, the distribution of health care hot spots is more dispersed. Some popular check-in hospitals including Wuhan Military General Hospital, Wuhan University Zhongnan Hospital, Hubei Provincial Hospital, Huazhong University of Science and Technology Tongji Medical College Affiliated Tongji Hospital, Wuhan City Hospital and so on, the distribution of these popular hospitals spread all over the three towns of Wuhan, which indicating that medical resources evenly distribute among the three towns of Wuhan and meet the needs of the public get nearest medical treatment. (Fig.4) Through the spatial distribution of residential hot spots, among three towns of Wuhan City, Hankou has the most hot spots, followed by Wuchang area, and finally the Hanyang area.This is closely related to the economic development of the three towns. Due to the excellent geographical environment, strong business atmosphere and historical landscape of the old city and unique Riverside landscape, Hankou has attracted the attention of a large number of real estate businessmen; Wuchang is rich in educational resources and vast in territory, the number of residents who have settled in Wuchang for their children's education is considerable; Compared to the other two towns, economic scale is not enough, the population base is small, the new economic growth point is not much, leading to Hanyang residential development is not high heat. The distribution of tourism hot spots are concentrated in Wuchang and Hanyang, the East Lake scenic area, Hubei Provincial Museum, Guiyuan Buddhist Temple, Hanyang Art Park are popular places to check-in, The hot spots of the hotel industry are concentrated in Wuchang region, and this phenomenon is also consistent with the functions of Hanyang's cultural and tourism and the Wuchang's financial and commercial functions.
It can be seen from Figure 4 , commercial hot spots aggregated distribute in Hankou and Wuchang area, which in line with the three towns of Wuhan's economic development level and distribution of business districts. Business districts in Wuchang, including the street business district, the South Road shopping district, the door business district, Lu Lane Optical Valley business district and Hankou's Jianghan Road shopping district, Wang Jiadun business district, Wuhan world shopping district, are places where the visitors flow rate is large and the shopping centers are centrally distributed. In addition, Wuchang and Hankou are also the distribution areas of various industrial parks and corporate headquarters, resulting in biased distribution of commercial hot spots. The spatial distribution of educational hot spots is a unique trend in Wuchang area, because education resources in Wuchang are the most abundant areas in Wuhan, such as Wuhan University, Wuhan University of Technology and many other well-known universities, their main campuses are located in Wuchang.
In conclusion, the spatial clustering of urban residents' activities is closely related to the spatial agglomeration of various POI, and got the conjecture that the spatial distribution of residents' activities is closely related to the regional economic level. 
Analysis on the Correlation between Residents' Activities and Regional GDP
In order to verify whether there is correlation between the spatial distribution of residents' activities and regional GDP, we study the check-in number of 13 city districts of Wuhan and the GDP value of each district in 2014.From the pie chart of check-in numbers in each district (Fig.5) , we can see that Wuchang district's check-in number is the largest, accounting for 23% of the total number of check-in, check-in times in Wuchang, Hongshan, Jiangan and Jianghan occupies 66% of the total number of entries, that is, the most concentrated area of residents' activities. These four regions also show an adjacency relationship in space, and are located within the city's tricyclic . The transportation there is convenient and the level of economic development is among the best in Wuhan. Pearson correlation test tool of Spss was used to check the correlation between number of checkin times and GDP of each district in 2014. As shown in Table 2 : under the 0.01 confidence level, the Pearson correlation coefficient is 0.652, so the distribution of Weibo check-in is positively related to the GDP of each district. 
Conclusion
Based on more than 860,000 samples collected from Sina Weibo, by implementing kernel density analysis and local spatial autocorrelation Getis-OrdGi statistical index, we explore the resident activity space distribution, and result shows that resident activity conducting a significant difference of space distribution among three district in Wuhan. For the purpose of investigating the cause of these huge differences, we divided the POI into eight categories, and analyze the space aggregation of density of check-in information of each categories, we found out that: resident activity distribution is independent of the POI quantity, but conversely highly related to the POI spatial distribution and region economic development. Hence, in order to further investigate the correlation between them, we scattered plot the 2014 GDP data and Weibo check-in data from three Wuhan districts, which consequently, prove that they are positive relative and validated through Pearson coefficients. Research indicated that Weibo check-in data can ultimately reflect the resident activity distribution; furthermore, this kind of distribution is positive related to region economic development.
Compared with the traditional population data, the data generated by the location based service has the characteristics of good real-time and high accuracy, and it has great potential in the field of urban geography. Through the research on the spatial distribution of every kind of POI check-in data, it is found that the check-in data can reflect the agglomeration state of urban residents, and evaluate the distribution of various types of facilities in the city, and provide some intuitive reference suggestions for urban construction and economic development in Wuhan. However, taking into account the lack of more meticulous time-tagged for collected check-in data, it can't express the time and space dynamic changes of the urban hot spots. Therefore, in the follow-up study, we will try to collect the data with time tags to make up for the current research.
